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Climate change is rising up many
agendas, from over-arching
politics to detailed and focused
research. The anthropogenic
input of carbon dioxide and other
greenhouse gases into the
atmosphere is well documented
and evidence is already building
that the earth’s climate is
warming but the impact of this
and future changes remain
uncertain, particularly in higher
latitudes where changes may be
more dramatic.
Studies on the events
surrounding past climate changes
are therefore of increasing
interest. While significant climate
change may be expected to be
devastating for many species, as
has also been shown in the past, it
also presents an opportunity for a
few organisms. And a new genetic
study on some ancient insects
suggests such events may prompt
diversification into new species
that, interestingly, also show a
pattern across different groups.
A team headed by Julia
Turgeon at Dartmouth College,
New Hampshire, and colleagues
in the US, Canada and Belgium,
report in American Naturalist
(published online) a new genetic
study of a group of damselflies,
ancient insects thought to have
evolved up to 300 million years
ago. 
They looked at amplified
fragment length polymorphisms
and mitochondrial DNA to study
the relationships amongst
members of the Enallagma genus
of damselflies which appear to
have recently radiated to produce
species occupying many sites in
the northern hemisphere.
Analyses suggest that 17 species
are derived from two progenitor
lines that radiated in recent
geological time and are found
mainly in northern America,
whereas a third major lineage has
led to the highest species
richness in the southeastern US.
The team describes these
species as the ‘northern’ and
‘southern’ groups.
From the DNA analyses, the
team suggest that climate
change during the Quaternary,
the most recent period of
geological history, is linked with
increased rates of speciation in
these three different clades of
damselfly, and that, interestingly,
similar combinations of
speciation processes affected
each lineage.
Diversification rates across the
entire genus of damselfly shows
that both northern and southern
primary clades were influenced
by climatic upheaval during the
Quaternary. “For most of their
histories, the northern and
southern clades had very similar
diversification rates, but
speciation rates in both clades
greatly increased sometime in the
last million years”, the authors
say. This increase was much
more pronounced in the northern
clade, where the estimated
speciation rate increased by
around 24 times, as compared
with an increase of around
Climates past: A new study suggests that different lineages of related damselflies showed similar evolutionary responses to
climate change during the recent, Quaternary, geological period. (Photograph: Oxford Scientific Films.)
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6 times in the southern clade.
“This difference is due
primarily to the disparity in the
number of new species
created per progenitor that
diversified,” they say.
However, three of these
four southern clade
speciation events resulted in
widespread species that now
range across much of eastern
North America and a species
that is restricted to the
Atlantic coastal plain. “The
fourth event led to the
splitting of a progenitor into
three species that all now
inhabit this same coastal
plain,” they say.
Importantly, the differences
between the northern and
southern clades suggests that
local biogeography and
climate change were critical
for the macroevolutionary
dynamics of these organisms.
“Both the northern and
southern clades showed a
recent elevation in speciation
rate and, as expected, the
northern clade showed a
substantially greater increase
than the southern clade,” the
authors say.
Changing climates may be
more likely to drive members
of some groups with particular
features extinct, simply shift
the ranges of others, and
spark diversification in still
others, the authors say.
“Focused studies comparing
clades with different
responses will allow us to to
determine how biogeography
may interact with the
ecological and phenotypic
properties of various clade
members to determine these
responses,” they say. “Such
studies will be invaluable as
guides to conservation efforts
as we try to anticipate species’
response to climate change in
the future.”
Although for many species,
climate change spells trouble,
for others, local factors and
evolutionary mechanisms may
provide an opportunity for
exploitation of a changing
climatic world.
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Quick guide
Intestinal
microbiota
Claudia Lupp and B. Brett Finlay
Who are they? Our intestinal
system harbors an enormous
number of non-pathogenic
bacteria, eukaryotic
microorganisms, archaea, viruses
and bacteriophages, comprising
a community collectively referred
to as the intestinal microbiota.
Bacteria account for the majority
of these microorganisms: their
total number in the human gut is
estimated at 1014 cells, which
roughly equals the number of
human cells in our body. Over 500
different bacterial species build a
dynamic community consisting of
both persistent and transient
members. The microbial
community structure is influenced
by genotype, immune status, age,
diet and environmental factors,
and consequently varies among
different people. Also, changes in
nutrient availability and oxygen
concentration along the
gastrointestinal tract are reflected
in regional differences in bacterial
concentrations and community
composition. 
Our relationship with the entire
intestinal microbiota can be
described as symbiotic, with both
partners benefiting. At present,
however, direct evidence for the
beneficial nature of only a few
species within the community
exists. Thus, many bacterial
species may be classified as
commensals, as they benefit from
the nutrient-rich environment in
the intestine yet their presence
has no beneficial consequence to
the host. The intestinal microbiota
also harbors opportunistic
pathogens, which have the
potential to cause disease if the
human host defenses are
compromised.
Where do they come from? The
association of bacteria with the
intestinal tracts of animals is far
older than human life itself, and
the bacterial communities have
presumably co-evolved with their
animal and human hosts. Our first
encounter with microorganisms
occurs in the birth canal, when
the colonization of the formerly
sterile gastrointestinal tract is
initiated by the maternal vaginal
and intestinal microbiota.
Interactions with humans and
animals, food ingestion, and other
environmental contacts define
successive gastrointestinal
colonization events, establishing
persistent community members
and periodically introducing
transient bacterial species,
resulting in a dynamic association
throughout life.
What do they do? The intestinal
microbiota, together with gut
epithelial and immune cells,
comprise a complex ecosystem
that is important for many
physiological processes.
Intestinal epithelial cells with their
junctional complexes, the
associated apical mucus layer,
and the luminal and mucosa-
associated bacteria provide a
selective physical barrier between
the lumen and systemic sites,
which allows the absorption of
water, electrolytes and nutrients
but discourages the translocation
of harmful microbial products.
Thus, treatments affecting the
microbiota, as for example
antibiotics, increase the chance
of host colonization by infectious
agents. 
The intestinal microbiota
improves digestion and
absorption of nutrients by
increasing the intestinal surface
area and through fermentation of
otherwise non-digestible food
components, such as starch and
fibre, thereby liberating additional
energy for the host. The presence
of bacteria in the intestine
promotes the establishment of a
resident population of
immunocytes, keeping the
intestinal epithelium in a state of
‘physiological inflammation’,
which is required for the
generation of a rapid defense
response against invading
pathogens. Intestinal bacteria
also actively prevent infection
with invading pathogens by
competing for nutrients, space
